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the electric field inside the  bore is stronger than outside it, in the silica. Yet, this technique 
allowed only for a small fraction of the power to be confined in the low refractive index material, 
and, above all, confinement efficiency is low when the spot size becomes smaller than 100 nm. 
A structure based on-micro/nanofiber arrays has been used to focus optical beams with sub-
wavelength  resolution  in  the  far  field  [12].  By  optimizing  the  structure  with  numerical 
simulations, spots with full-width-at-half-maximum (FWHM) of 0.43 λ at a distance of 9 λ from 
the output end face of the micro/nanofiber array was obtained. Sub-wavelength far field focusing 
was also proposed with a tapered microtube fabricated from a glass capillary [13]. Experimental 
results revealed a smallest spot, with a near diffraction-limited FWHM of 0.65 λ, was positioned 
at a distance of 2.2 λ from the output end face of the microtube. Although these two techniques 
allow  for  far  field  focusing,  they  provide  only  limited  confinement,  which  is  typically  few 
hundreds nanometers. 
Longitudinal evanescent fields have been exploited to obtain sub-wavelength confinement of 
light in metal-coated tips and found applications in SNOM systems [25-29]. Yet, SNOM probes 
have very low transmission efficiencies, e.g. 10
-3 ~10
-6 [26, 30], as they require small apertures 
and small tapering angles, which results in a strong decay in the evanescent field intensity. Also, 
they usually can only stand relatively small powers, typically of the order of 1 mW. 
Devices based on surface plasmons have been proposed and experimentally demonstrated 
for efficient sub-wavelength light confinement, but they always dealt with small powers and 
mostly in planar geometries. In 2007, Ding [31] proposed an apertureless silver-coated optical 
fiber tip in which the radially polarized waveguide modes of an optical fiber taper was converted 
into the plasmons propagating at the outer surface of the tip. Although they are predicted to have 
extremely  high  transmission  efficiency,  apertureless  optical  fiber  tips  with  high  transmission 
efficiency have never been manufactured [32, 33]. On the contrary, apertured tips have been 
widely used in light nano-focusing, albeit without the aid of the surface plasmons [26, 34-36]. In 
2009, apertured tips exploiting the surface plasmons to confine light to sub-wavelength spot sizes 
(l/3)  in  optical  fibers  and  microfibers  were  realized  [37, 38]:  the  use  of  the  SPs  improved 
transmission efficiency by several orders of magnitude. Yet, the use of SPs limits the minimal  
Fig. 15 SEM images of first milled tips. (a) single-ramp microfiber tip and (b) wedge microfiber tip. 
A thin layer of gold was then deposited on the tips using a thermal evaporator to confine 
light and to avoid charging during processing; indeed, charge accumulation is a major issue and 
seriously degrades FIB imaging and processing capabilities. Finally, extremely small apertures 
were finally opened at the tips apexes (Fig. 14 (d), (e), (h) and (i)).  
 
Fig. 16 SEM images of microfiber tips with nanometer apertures. Tips were cut at slope angle α and apertures 
(dark regions) were opened at the apexes of gold-coated tips. (a) single-ramp microfiber tip with flat cut 
aperture size~ 66.4 nm; (b) wedge microfiber tip with slit aperture size ~84 nm; (c) single-ramp microfiber tip 
with a hole size ~21 nm; wedge microfiber tips with a hole size (d) ~14 nm, (e) ~13 nm and (f) ~21 nm. Insets 
on (a) and (b) are magnification of their apertures. efficiency of sample A is ~10
-2 and several orders of magnitude larger than that observed in 
common SNOM tips (10
-4~10
-5). The spot size of this sample along the smaller axis is as large as 
~l/15. Powers close to 1 W were injected in the tip without any apparent damage. It is interesting 
to note that microfiber tips which exploited SPs for focusing could not stand powers of 0.1 W, as 
the strong field at the metal/air surface probably damaged the microfiber tip surface. 
 
Fig. 17 Transmission efficiency of the single-ramp fiber tip A in Fig. 16 (a). 
Fig.  18  shows  the  normalized  transmission  of  wedge  sample  B,  which  reaches  ~3% 
transmission efficiency at λ~750 nm: the wavelength dependence clearly resembles that predicted 
by simulations of Fig. 13. As for the results presented in Fig. 17, the small periodicity noise in 
this graph could be due to the interference generated by air gaps between the various optical 
components again. The spot size along the smaller axis of this sample is approximately l/10.  
 
Fig. 18 Transmission efficiency of the wedge fiber tip of Fig. 16 (b).                                                                                                                                                        
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